Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

BBEER (LiPON) [E 5 R R R S5 L1 SR S T ek

s EREL RKME RS DORE KRR

Properties of lithium phosphorus oxynitride (LiPON) solid electrolyte — Li anode interfaces
YouYi-Wei  Cuidian-Wen  Zhang Xiao-Feng Zheng Feng  Wu Shun-Qing  Zhu Zi-Zhong

5] Fi{5 B Citation: Acta Physica Sinica, 70, 136801 (2021)  DOI: 10.7498/aps.70.20202214
TEZE RT3 View online: https:/doi.org/10.7498/aps.70.20202214
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

TCE BRI B203XF Li1.3A10.3Ti1.7(PO4)3 [ {4 FEL gt Jot 15 - i 3 6 (1) 52
Effect of lithium—free flux B203 on the ion conductivity of Li1.3A10.3Ti1.7(PO4)3 solid electrolyte
YA, 2017, 66(20): 208201  https://doi.org/10.7498/aps.66.208201

AR Ay TR [ 285 P A T 3R ST [ LB (AR BT 5 o e
Research progress of interface problems and optimization of garnet—type solid electrolyte

WIFREH. 2020, 69(22): 228806  hitps://doi.org/10.7498/aps.69.20201533

B 11 25 P g SR A S i B HE AR A B

Advance in interface and characterizations of sulfide solid electrolyte materials

PyFEEEAR. 2020, 69(22): 228803  hitps:/doi.org/10.7498/aps.69.20201581

1] 25 P P 5 LR 0 T 9 1

Stability of interphase between solid state electrolyte and electrode

PB4 2020, 69(22): 228206  hitps://doi.org/10.7498/aps.69.20201554

DRLAE T T 46 T AL S L i 1.4 AT0.4Ti1.6(PO4)3 1 45 HL A S HL 3R S8 s
Lil1.4A10.4Ti1.6(PO4)3 high lithium ion conducting solid electrolyte prepared by tape casting and modified with epoxy resin

YrH2E 4. 2017, 66(18): 188201  https://doi.org/10.7498/aps.66.188201

R AR S L P O DURLEE | SR SR Ak

Mechanism, strategies, and characterizations of Li plating in solid state batteries

YIHE2EAR. 2020, 69(22): 228204  hitps://doi.org/10.7498/aps.69.20201293


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20202214
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.66.208201
https://doi.org/10.7498/aps.69.20201533
https://doi.org/10.7498/aps.69.20201581
https://doi.org/10.7498/aps.69.20201554
https://doi.org/10.7498/aps.66.188201
https://doi.org/10.7498/aps.69.20201293

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 13 (2021) 136801

SRt AR (LiPON) BSHBEMBRS
Li it SR mEdstE

KANE ME XRIFE

RIF &

(EITRZEYHEZR, HIT  361005)

(2020 4E 12 A 28 HY#; 2021 4£ 1 A 28 HULHIEHHS)

AR, A A B v Y L e b | R AR L AT BRL A R b 2 B O S A B S AR SR
e 55 P 7R O [ T A ] A R M L S B 1 10— 2B B T, T AZ B T O AR SCR MK B4 8
J1% %} LIPON/ Li A7 T ESHL. F o0 R B, S AR F B4 SO 5 5, 3% i 5w 2. 48 Lk LiPON
AHZE M, B2 LA Li 0 JE Y Li[OoN,], Li[O5N], Li[O,) VU4 R B 45+ 5 Lo W sisl, I H 5 H 2 Li-0,
Li-N, P-O 1 P-N [ F- X5 BC A7 B354 BT/, i 1 551 J2 45 b AC 07 B0 A8 A i 45 Li 22 8] O, N (1 & 1 Hi
FE S5, Li BT 5 8d #2 b2 2 59 BELAS B /N 53X — S0 LiPON HL fi Jo 76 552 P e b 3 b i v gt 31 17

AR BEAE .

RIS, PR, i, AL, Li BT

PACS: 68.35.-p, 68.35.Fx, 67.30.hp, 31.15.A—

1 5 =

UEAER, A AR L B 2 AT S R [ 25
PR T b P A EE BT 1) [ AR L

A2, wH RO R B RER . B RS

Tk iddn | LB A BRSPS KR R i A5 1Y
1 4. LiPON HaLfif ot A o AT R e
BARAH T oL 3% (< 1012 S/em), B9 HY L #
W (5.5 V), LARAARI il & A 0-31) gl B i
G [ 2 LR 8 et v 7 e ) 1 — T R 2
HLAARITL, 328 T AR5/ INE B Aislb i 5 .
HATHF5EH LIPON HAT I AR A AR
. R A LiPON #E R A BT I ] 1A k2 6 5 JE 1
BRBERREEL. 1997 4F, Yu %5 2 ) 56500 w4 0k B
i, Ph-LisPO, WHLA, ZERI T E O il
# i1 LiPON. #H Lt T #0841 1-LizPO,, XAl & i

DOI: 10.7498/aps.70.20202214

LiPON 1Y LitHL SR T T WA Eim g, vl Lh ik
F 3.3 x 100 S/cm. BT feH Y S50 1 42 0k St
il % LIPON AN, P ZRHIF A B IR R T
Hoh Z Rl s HOR, B0k oG IUR | B Tl
e G 1), S AL A2 S AR TR O DA R F TR 1)
FHARTFB, XAUEE TR LiIPON 5 i
#Or:, W H AR T LiPON B . 2010 4, Du
5B MR A T, NES T T —F
7% LiIPON(Li,PO,N), 23 [AI#E K Cme2,. Xl
PR ZE ARG A EAE PR DU TR S544, P[OoN,) P i
Li[O5N] PO 4. Fh T4 B 1 7 IO 1 4 9 oo o
i HL 25 F T A B 2s r, FT LABE S T R e 3R
8. 2013 4, Senevirathne %5 9 ZESZ56 & ALH X
FlRERE, FFDAS S FHRSFRLH 107 S/cm. BIR
7 LIPON &L S 3885, (B HE e | H
AR RERSAE | Al AL AR T A AR AR R
TR A 2 AP RE.

*ER HRBIERES (EES 11874307) MIEFK E S & (S 2016YFA0202601, 2016 YFB0901502) ¥% Bl i

t BIE1EE . E-mail: wsq@xmu.edu.cn
©2021 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

136801-1


http://doi.org/10.7498/aps.70.20202214
mailto:wsq@xmu.edu.cn
mailto:wsq@xmu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 13 (2021) 136801

F Li & J@ Ak s it i S b B T LB T 30%
Ze AT H L BE R 25 8 09 T LiPON 0 5 i e s P
HHAE S Li 4@ R a2, Bk TAbi s
FLALE RN, AT3R 2T AR 1) — )2 LiPON/Li
ST 2 (=180 ) S 6 - B F 9 A A ELA ] e
Yy BRAL 2 o LRI, DR AR SCR SR 84
3l 1% (AIMD) ¥4 g A48k & LiPON/Li #L i
FIHAS LiPON/Li i, 50X M2 B i 2544
P IR T

2 TEF LA
2.1 1RBEGE

Bt rEdE s LiPON 5 Li & 1) A i . Mk
a-LiPON/Li FHAIEE A28 ST a-LiPON
S5F. S b AR FH A AR AR FH S A 4 D S
2, 38 A TR P AR B [E] rX
(%) a-LiPON, ‘B fI1Z A/ 5 F i 5 R A4 —E 1
2200, (H2ZHIAN K, #AE 100 S /em 4% (1420,
I, ASC H R —Fp Sy S A O oE
(IE i Liy ;PO sNo s TE RGNS, TR,
T AIMD SRR Bz R B (DFT) ift)E15
FIHESAZEHE . ¥ bee S5H9Y Li 48 H DFT 754k
b, FFREUL R FicRasE 1Y (100) TR AR 4544,
H T a-LiPON W AT R 1Y fi T, PRl B — A4
GRIGT, RIJE A N-P BT | DU SR — M S 11 )
A5 K 53 I B R AE 2R K Li(100) 15 a-LiPON
RIS HN FLR LS, I 1 &S KRB INF 5%.

2% LiPON (Li,PO,0) 25 [ #E K Cme2,, H
S5 K943 2 LiJOsN] F1 P[O,N,) 1 Ffr 1Y [ 4 25 44 .
Li,PO,N Y (100) T /& H1 -P-N-P-4 i (1) 5 AR 45
Fy, R E T, X —4518 5 R e A 45
SR P, ML R R AR R 1Y S5 B9 [R], T LRt
Li,PO,N [ (100) 434 Li, O BEEAEREM P, N
FERTERMMAIEOL. I EEE Li,PO,N [ (100)
TA15 Li(100) [T LARS 3 H P AL T

2.2 HEFE

ARSCR FH B S T B2 R BRIE 1Y VASP
A 2224 % [ 25 i A BT LiPON Al & Li s
ik, It LiPON/Li F i k585 F3h 2%
Bl (AIMD). 384 5CHRIZ pR R ] Perdew-Burke-
Ernzerhof(PBE) JE X 1Y) AL B2 I (GGA) #

ATHR 2526 R 38 PRESCR P T A 0 R T, K
W REHC A 450 eV. Al LiPON 54: 8@ Li 7E45 1)
PEALE, A BLIK X AR 43R H & Monkhorst-Pack
FEOR ks BORE 5 BT o B A% 1Y 23 B R R
21 x 0.025 A1) GEEAN ISR A 1075 eV
1103 eV/A.

XFF3Efl LiPON MR 454 Fil c-LiPON/Li 5
T 45 A ) AIMD $H5, 4 T B # J3 % ST
PRI, AR SR 5 1T v P i [ e (18] 1 e
RE R X 3). JE &4 LiPON/Li F 1 &5 F4 B U 3 A
320 N JEF, c-LiPON/Li 5 1 45 ) #5384
NEF IEASRRAM TE AP0 T x 1 x 1
W A% . 78 NVT & 25 T, {# ] Nosé-Hoover #4415
AR R 2 fs, BERURSRRIEN 101 eV.
TR Y BEE, LB R R 5HE =
1000 K i 5w+ 1, A4 T 20 ps, LIS AL
JE T BB AN ] DX R4 1 2 5

3 #R5itb
3.1 LiPON/Li AEMEFEY HIKR

S0 3 R T ASOUE 2% 3 AL T BRI PR E AR
SN R A SR EATR, TR R 2 22 S T
UEIXANEE A, AR SCH 0 R bR B AR AR ] ATMD
RS, SR L1 B3 () R B HOR S, IR
R B HGE B B R e i AT, B 1 (a)—
K 1(c) 45 H B2 =Fh a-LiPON/Li(100) J54f 5 1
ZEF7E 20 ps 1 AIMD BE8Lrh Li JiF-VF Z 7 1)
ST A ALK B SRR Li &8
A3, JEIR AR SR T Li 48 A R o A R B
Fn A S R SR A PR AR AR, B — JR SR . Bl
R AT, BR T RSBk [ 1Y Li IR, SR
I Li RT3 13 a-LiPON J2. ¥ (4 5 X K58
AU a-LiPON JZ2 A9 Li JEF40 40, Tk S
¥, B LA Li i 053 A Moy . o LOEEF a-
LiPON JZ 1 Li Ji R &9 808 Li )8 )2, 1
HiiF Li &J82EX Li JEF 3 5N, #50
a-LiPON JZ11 Li Ji 49 /. o 1 e B 4r
HPRAFE TR AR A Y B G, 7EE R a1 4B
2. Iz SR A I & B A e R B HL)
R, X AT BRI R I S A T S5 ) A T X
B, XFF a-LiPON/Li(100) FL1, %58 75 2 1 1))
WA, R B A 2 5, LG SRR
AT 285 SR AT AR SE K24 10 AJERERY LI 2.

136801-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 13 (2021)

136801

a-Interface-1

a-Interfac

@

-2 a-Interface-3

T ] ]
a) Initial EEEERERE b) Initial EREERERE c) Initial ISR ENE!
10} (@) ERITRERE 10} (®) SRIIRIRE 10} © IR RINE
EEEEREEE G FERERERE:
°F UL 5 s, o UL
"E O 1\\‘1;\;‘\”\”” "E O 1\\I\A\HHHHH "E O 1\\}1!\!‘\\\\\\}1
= 1 }—va-LiPON—slab' I =} 1 }—va—_LiPON-slab' 1 5 1 }A—a-_LiPON-slab' 1
g 10f 0 ps Lo Li-slab 1 g 101 0 ps pLisab ) ) 3 10} 0 ps ~Lislab ||
| i I | i
A Myt | ftit i il
g 5t W g 5 i g 5 ; Ih
9] i i Q v vl 9 i Hin
-t 0 i) et 0 - U e 0 -\ AIRIA
< 20 ps 1 I < 20 ps 1 T < 20 ps 1 T
10 1 | M 10 1 ! M 10 | M

i i
| 2011 5k ! it | Al
; Uil = il g, I

1l " 1 " R T

10 15 20 25 30 35 40 45
Z-direction

10 15 20 25 30 35 40 45
Z-direction

10 15 20 25 30 35 40 45
Z-direction

Atom count

il ool I3
REEAT IR poreenn |

15 20 25 30 35 40 45

Z-direction

Atom count

K1 (a)—(c) —7F a-LiPON/Li(100) S 10 ¥ Z 75 [l 9 Li J& + B4 #8815 (d), (e) PiFl Li,PO,N(100)/Li(100) i Z J7 1] 1
Li L7 B #E . Ko 1 26 322 R 1) ST 57 . 45 A0 1] vl %) 20 €6 B8 HE A T 14 2 0 1 o o JRL 7, 0 8 R N A T2 1 2 TR BT

ST X 38k

Fig. 1. (a)—(c) Inter-diffusion of Li atoms along the Z direction of three a-LiPON/Li(100) interfaces; (d), (e) inter-diffusion of Li
atoms along the Z direction of two Li,PO,N(100)/Li(100) interfaces. The gray dotted line indicates the original interface location.

The red dotted frames in the structure diagram mark fixed terminal atoms, and the blue dotted frames mark the formed interface

areas.
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Fig. 3. (a) Li;,PO,N and (b), (¢) Li,PO,N(100)/Li(100) MSD of Li* at different temperatures. Arrhenius plot of Li diffusivity (Dr;)
as a function of temperature in two kinds of Li,PO,N(100)/Li(100). The corresponding positions of 300 K are presented by dotted

lines.
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Structure Li-O Li-N  P-O P-N
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Abstract

In recent years, all-solid-state thin-film batteries have been used to power low-energy devices such as
microchips, smart cards, microelectromechanical systems, wireless sensors, and implantable medical devices. All-
solid-state thin-film batteries have become an important research direction of rechargeable solid-state batteries
(SSBs). However, the solid-solid interface between electrodes and electrolytes seriously affects the further
improvement of battery performance, which has attracted extensive attention. Lithium phosphorus oxynitride
(LiPON) was found to be a useful inorganic electrolyte in lithium batteries because of its favorable
electrochemical properties. For instance, LiPON has good electrical and chemical stability, negligible electronic
conductivity and excellent cyclability as well as ease of integration with thin film battery with an
electrochemical stability window. The LiPON can present two states, i.e. amorphous state and crystalline state.
Here, we adopt ab initio molecular dynamics to study amorphous-LiPON/Li(100) interface and crystalline-
Li,PO,N(100)/Li(100) interface. Our results demonstrate that the atomic inter-diffusion occurs in the interfacial
region, forming a thin interfacial layer, and the ionic conductivity is increased after the interface layer has
formed. Meanwhile, comparing with the Lipon bulk phase structure, the proportion of Li|O,N,|, Li[O3sN], and
Li[O4] tetrahedral local structure in the interface layer with Li atom as the center decrease obviously, and the
average coordination number of Li-O, Li-N, P-O, and P-N in the interfacial layers also decrease in the
LiPON/Li interface. Due to the change of structure and coordination number at the interface, the ionic bonds
between Li and O, N are weaker, which explains the increase of ionic conductivity at the LiPON/Li interface.
Previous experiments showed that element interdiffusion occurs at the LiPON/Li interface and the interface
layer is formed, and found that the decrease in impedance of the interface layer can confirm that the ionic
conductivity of the interface layer indeed increases. In addition, the tetrahedral structure of the interface layer
will be decomposed into other smaller structures. Our computational results are consistent with the previous
experimental results, which indicates the rationality and reliability of our conclusion. This feature plays a

positive role in promoting the performance of LiPON electrolytes in practical battery applications.

Keywords: solid electrolyte, lithium phosphorus oxynitride, interface, structural evolution, Li ion diffusion
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